Nerve growth factor promotes the activation of phosphatidylinositol 3-kinase and its association with the trk tyrosine kinase.
We investigated the involvement of phosphatidylinositol 3-kinase (PtdIns 3-kinase) in the initiation of signal transduction by nerve growth factor (NGF) in the rat pheochromocytoma PC12 cell line. PtdIns 3-kinase catalyzes the formation of phosphoinositides with phosphate in the D-3 position of the inositol ring and previously has been found to associate with other activated protein tyrosine kinases, including growth factor receptor tyrosine kinases. Anti-phosphotyrosine immunoprecipitates had PtdIns 3-kinase activity that reached a maximum (9 times the basal activity) after a 5-min exposure of PC12 cells to NGF (100 ng/ml). Since NGF activates the tyrosine kinase activity of gp140trk, the protein product of the trk proto-oncogene, we also examined the association of PtdIns 3-kinase with gp140trk. Anti-gp140trk immunoprecipitates from NGF-stimulated PC12 cells had increased PtdIns 3-kinase activity compared to that of unstimulated cells, and larger increases were detected in cells overexpressing gp140trk, indicating that PtdIns 3-kinase associates with gp140trk. NGF produced large increases in [32P]phosphatidylinositol 3,4-bisphosphate and [32P]phosphatidylinositol 3,4,5-trisphosphate in PC12 cells labeled with [32P]orthophosphate, indicating an increase in PtdIns 3-kinase activity in intact cells. Using an anti-85-kDa PtdIns 3-kinase subunit antibody, we found that NGF promoted the tyrosine phosphorylation of an 85-kDa protein and two proteins close to 110 kDa. These studies demonstrate that NGF activates PtdIns 3-kinase and promotes its association with gp140trk and also show that NGF promotes the tyrosine phosphorylation of the 85-kDa subunit of PtdIns 3-kinase. Thus, PtdIns 3-kinase activation appears to be involved in differentiation as well as mitogenic responses.